Identification of transmembrane domain residues determinant in the structure-function relationship of the human platelet-activating factor receptor by site-directed mutagenesis.
Platelet-activating factor (PAF) is a potent phospholipid mediator that produces a wide range of biological responses. The PAF receptor is a member of the seven-transmembrane GTP-binding regulatory protein-coupled receptor superfamily. This receptor binds PAF with high affinity and couples to multiple signaling pathways, leading to physiological responses that can be inhibited by various structurally distinct PAF antagonists. We have used site-directed mutagenesis and functional expression studies to examine the role of the Phe97 and Phe98 residues located in the third transmembrane helix and Asn285 and Asp289 of the seventh transmembrane helix in ligand binding and activation of the human PAF receptor in transiently transfected COS-7 cells. The double mutant FFGG (Phe97 and Phe98 mutated into Gly residues) showed a 3-4-fold decrease in affinity for PAF, but not for the specific antagonist WEB2086, when compared with the wild-type (WT) receptor. The FFGG mutant receptor, however, displayed normal agonist activation, suggesting that these two adjacent Phe residues maintain the native PAF receptor conformation rather than interacting with the ligand. On the other hand, substitution of Ala for Asp289 increased the receptor affinity for PAF but abolished PAF-dependent inositol phosphate accumulation; it did not affect WEB2086 binding. Substitution of Asn for Asp289, however, resulted in a mutant receptor with normal binding and activation characteristics. When Asn285 was mutated to Ala, the resulting receptor was undistinguishable from the WT receptor. Surprisingly, substitution of Ile for Asn285 led to a loss of ligand binding despite normal cell surface expression levels of this mutant, as verified by flow cytometric analysis. Our data suggest that residues 285 and 289 are determinant in the structure and activation of the PAF receptor but not in direct ligand binding, as had been recently proposed in a PAF receptor molecular model.